Prey are often at risk from multiple predator species with differing hunting modes, but the resulting response to the spatial variation in predation risk (the "landscape of fear") has rarely been considered in predator prey models. We tested whether attack frequency and hunting success along a habitat gradient (distance from an estuarine shoreline) differed between 2 predators hunting a single prey species, so affecting the optimal antipredation position along this gradient. Sparrowhawks ambushed redshanks most frequently from the predator-concealing cover of the shoreline, and their capture success rate was twice as high as when hunting far from the shoreline (>50 m). In contrast, pursuit-hunting peregrines attacked redshanks most frequently far from the shoreline, though their capture success rate was unaffected by distance. Thus, the relative occurrence and success of both predators varied so that avoidance of one predator led to increased predation risk from the other, generating 2 broad conclusions. First, the equilibrium distribution of prey in the presence of multiple predators is likely to reflect the attack frequency and attack success rate of both predators combined across relevant environmental gradients. Second, predation-risk avoidance gradients may be less steep, or less tightly linked to any single habitat feature, than might be predicted if a single predator is considered.
IntroductIon
Nonlethal effects of predation risk can have a substantial impact on prey behavior, survival, population dynamics, community structure, and trophic interactions (Lima 1998; Werner and Peacor 2003; Schmitz et al. 2004; Caro 2005) . Spatial variation in predation risk is one of the most important drivers of nonlethal effects because this constrains where animals can feed safely, so affecting their competitive interactions, and the availability and distribution of their prey at lower trophic levels and their predators at higher trophic levels (e.g., Peckarsky and McIntosh 1998; Minderman et al. 2006; Creel et al. 2007; Valeix et al. 2009 ). Spatial variation in predation risk leads to a "landscape of fear" where animal distribution and behavior is a consequence of avoiding or compensating for this variable predation risk (Brown et al. 1999; Laundre et al. 2001) . Predicting the distribution and behavior of animals, therefore, depends on understanding how predation risk varies spatially, particularly when prey are subject to attack from several predators that present different types of risk (Preisser et al. 2007 ). Multiple predators can change predation risk for a prey species in 2 main ways (Sih et al. 1998) : 1) by interference, where predators hunt each other or interfere with each other so reducing their efficiency in hunting (and so risk to) a prey species (Hoset et al. 2009 ) and 2) by facilitation, where the prey responses to one predator increase risk from another predator (Korpimaki et al. 1996; Eccard et al. 2008) . This study documents an empirical example of the second system, where 2 predators hunt a single prey species, but response to one increases risk from the second and vice versa.
In simple systems with only 1 predator species, fear might lead to relatively predictable nonlethal effects along a single environmental gradient, for example, the avoidance of habitat close to predator-concealing cover or selection of a lower risk habitat. But animals frequently have several predators that hunt in different ways so that antipredation strategies may be a compromise between counteracting gradients of risk that differ depending on the predator (Kotler et al. 1992; Stapley 2004 ). Any precise antipredation strategy would then depend on the relative strength and spatial proximity of the different risk gradients, and crucially on predator identity (Van Buskirk 2001; Chalcraft and Resetarits 2003; Henry et al. 2010 .
Consider a relatively common scenario where an animal is hunted by 2 different predators. One is a stalking, surprise-hunting predator that uses cover to allow close proximity to prey before starting its attacks, and the second is an open pursuit-hunting predator that requires clear spaces to chase prey for longer periods and at great speed (Caro 2005; Preisser et al. 2007) . The prey can either use proximity to predator-concealing cover to avoid attacks from the open-pursuit predator at the cost of increasing its vulnerability to the surprise predator or move away from the surprise predatorconcealing cover to avoid attack from the surprise predator at the cost of increasing its vulnerability to the open predator. Clearly, then the best behavioral strategy would be to prefer an intermediate distance from cover that minimizes the overall risk of death from both types of predators, the precise distance depending on 1) the relative attack frequency of both predator types and 2) the strength and steepness of the functions linking attack rate and attack success rate with the environmental gradient (e.g., proximity to predator-concealing cover; Figure 1 ; see also . Situations where prey respond to different risks imposed by multiple predators are likely to be common but explicit empirical evidence to support this hypothesis, particularly in vertebrate systems, is rare (e.g., Durant 2000; Heithaus et al. 2009; Hoset et al. 2009; Martin et al. 2010; Morosinotto et al. 2010; Thaker et al. 2011) .
Here, we use a coastal shorebird system to test the hypothesis that 2 predators with different attack modes exert contrasting spatial selection gradients. Redshanks, Tringa totanus, are commonly depredated by the 2 most important avian predators of adult birds in Eurasia, sparrowhawks, Accipiter nisus, and peregrine falcons Falco peregrinus (Cresswell and Whitfield 1994) . In our system, redshanks avoid the most profitable habitats that have the highest risk of predation from sparrowhawks, except when under energetic stress (Cresswell 1994a; Yasue et al. 2003) . They further avoid a quarter of the highest profitability habitat because this is close to the wooded shoreline, which may conceal the predominantly surprise-hunting sparrowhawks (Newton 1986; Cresswell 1996) , unless under extreme energetic stress (Cresswell and Whitfield 2008; . Feeding farther from the shoreline, away from sparrowhawks, may however expose redshanks to higher predation risk from peregrines, leading to selection in the opposite direction. Typically peregrines attack and hunt successfully in open areas away from the shoreline in the lower intertidal zone (Rudebeck 1950; Ratcliffe 1993; Cresswell 1996) . Overall redshanks should then be exposed to contrasting selection pressures on where they forage with respect to distance from the shoreline, dependent on the predator. We tested whether attack rate and capture success varied with respect to distance from the shoreline (less than or greater than 50 m) and, if so, whether spatial patterns of selection observed were dependent on the predator species.
Methods
The study area consisted of salt marsh, mudflat, and rocky shore habitat backed by woodland or dunes at the Tyninghame Estuary, East Lothian, Scotland (see Whitfield 1985 for further study site details). Data were collected from September to early March, 1989 March, -1992 March, , and 2001 March, -2006 . Raptor attack data were recorded whenever a sparrowhawk or peregrine was seen hunting redshank. An attack was defined as a rapid flight directed toward a flock or a single bird, whereas a "kill" was recorded when the raptor captured a redshank. For each attack, distance from the shoreline was estimated when possible in 2 classes: ≤50 m or >50 m. The 2 distance classes were chosen because almost all of the variation in attack success with distance from predator-concealing cover occurs within 50 m and to maximize the spread of the limited data set for peregrines between "near" and "far" classes. Sparrowhawk and peregrine attacks were seen on 288 and 102 separate days, respectively, over 8 winters (1989-1992 and 2001-2006) . A total of 530 and 97 attacks on redshanks, along with distance to predator-concealing cover (exactly equivalent to the shoreline) data, were observed from sparrowhawks and peregrines, respectively, including 88 and 10 captures, respectively (median = 2 attacks per day for sparrowhawk, and 1 attack per day for peregrines on days when attacks were recorded). During the initial more intensive study in the first 3 winters (2557 h spent at the study site), it was estimated that at least 6 different sparrowhawks and 3 different peregrines attacked over the whole study site during each winter. Some individuals were probably recorded across winters (see Cresswell and Whitfield 1994) , but adult sparrowhawks (60%), peregrines (75%), and redshanks (61%) have relatively low annual survival rates (Cramp and Simmons 1980) , so it is likely that many different individual predators and prey were involved over the 16-year period over which observations took place.
For each predator species (i) separately, we estimated the overall risk to redshanks by calculating A i × S i , where A is the proportion of all attacks from that predator species i of the total number of attacks for both predator species at a given distance from the shoreline and S is the attack success rate for that species i at the same given distance from the shoreline. For all relative risk calculations, we assumed number of redshanks available to be the same in the 2 distance categories (see Discussion). Chi-square tests used throughout were carried out in R (R Development Core Team 2009) using Yate's correction. Hypothetical spatial patterns of risk with distance from shoreline for 2 predators that differ in their hunting mode. The pursuit predator attacks most successfully and frequently from the open and the ambush hunter most successfully and frequently from predator-concealing cover. The prey clusters at the location where overall risk of death is lowest. If either the attack frequency or success function of the ambush hunter is lower or steeper than that of the pursuit hunter, then the optimum moves closer to the shoreline; if it is higher or shallower, then the optimum moves farther from the shoreline. Peregrine attacks were overall relatively scarce in our system (97 peregrine vs. 530 sparrowhawk; Figure 2 ), and most of the attacks far from cover were also from sparrowhawks (86 peregrine vs. 149 sparrowhawk; Figure 2 ). This meant that if a redshank fed close to the shoreline, its relative risk of death from a sparrowhawk was much larger than for a peregrine: relative risk of death from a sparrowhawk was 0.19 [(probability of attack was 0.97 = 381/392) × (probability of capture was 0.20 = 75/380)] but for a peregrine this was 0.003 [(probability of attack was 0.03 = 11/392) × (probability of capture was 0.09 = 1/11)]. In contrast, if it fed far from the shoreline, its relative risk of death from a sparrowhawk was relatively similar to that of a peregrine: relative risk of death from a sparrowhawk was 0.06 [(probability of attack was 0.63 = 149/235) × (probability of capture was 0.09 = 13/149)] and for a peregrine this was 0.04 [(probability of attack was 0.37 = 86/235) × (probability of capture was 0.10 = 9/86)].
dIscussIon
Previous research from this system showed that redshanks needed to forage farther from the shoreline to avoid the risk of being attacked by sparrowhawks , though the extent to which this exposed them to risk from other predators was unclear. Our results here suggest that peregrines cause the opposite effect, exerting selection on redshanks to forage closer to the shoreline. Overall, this shows that redshank distribution with respect to distance from the shoreline is likely to reflect the relative attack rate and success rate of 2 predators. Other examples of this, where optima are dependent on a trade-off between responses to different predators, include temporal use of waterholes by ungulates to avoid human hunters and lions (Crosmary et al. 2012) , the use of pools by minnows and crayfish to avoid deep water fish and shallow water terrestrial predators (Gelwick 2000) , and the use of cover by snails in response to fish and crayfish predators (Bernot and Turner 2001) . Although infrequently documented to date, particularly in vertebrates, it seems likely that such trade-offs determining distributions in time and space are common, among both mobile and sessile prey.
One important caveat to drawing specific conclusions from our study concerns our calculation of relative risk of death assuming an equal availability of redshanks at the 2 different distances to cover. The dilution effect (Vine 1971 ) can change risk by over 2 orders of magnitude over the range of population size of redshanks in this system (e.g., 1-600, see Cresswell and Whitfield 1994) and so systematic patterns of group-size variation with distance from cover will change relative risk of death for individual redshanks. For example, if most redshanks were found close to the shoreline (for reasons other than predation risk, such as foraging gain or human disturbance), this would substantially reduce the relative risk of death per attack from sparrowhawks. However, in our study, the equilibrium distribution for the low tide period is unlikely to shift closer to the shoreline as a result of variation in population distribution because only a relatively small proportion of the total population (Cresswell and Whitfield 1994 ) is less than 50 m to the shoreline during low tide (Cresswell and Quinn 2011) . Nevertheless, all other things being equal, such as prey availability, our study shows generally that predators with different attack and capture modes can potentially change optimal prey distribution. The first broad conclusion emerging from our study is that predator species differ in the extent to which they contribute to and shape the overall landscape of fear. This is illustrated in the general case in Figure 1 , which shows how the optimum position with respect to cover arises from minimizing the combined risk from 2 predators that have similar functions of risk of death with respect to distance from the shoreline. But if 1 predator has a lower attack rate or a lower capture rate, then the optima will shift in the direction of the predator with the lower rates (Lima 1992) . For example, in our study system, the change in the relative risk of death with distance from the shoreline suggests that the effect of the pursuit predator is much less than that of the ambush predator (e.g., P < A in Figure 1 ) and so risk of predation for redshanks is probably always minimized by feeding well away from the shoreline, as long as all other factors are equal. If peregrines increased their attack rate or success rate, we predict the optimum position to move closer to the shoreline; such a scenario is likely in many areas that lack cover along the shore that promotes use by sparrowhawks, and in many coastal areas where peregrines are the main avian predators. Changes in attack rate frequency are perhaps to be expected more than changes in success rate because the former depends simply on the density of the predator, whereas the latter, at least for avian predators, appears to not vary substantially (Cresswell 1996; Roth and Lima 2003; e.g., see Rudebeck 1950 e.g., see Rudebeck , 1951 .
The second broad conclusion arising from our study is that the nature of nonlethal effects is likely to change in the presence of multiple predators. With increasing numbers of predators of multiple species effectively closing off all potential avoidance responses, spatial avoidance would become relatively unimportant. Instead prey may increasingly rely on promoting escape probability (Lima 1992) , for example, through increasing vigilance or adopting predator-specific vigilance (Embar et al. 2011) , or joining larger groups, feeding closer together, and responding to potential cues more indiscriminately and quickly, all of which can lead to lower foraging success (see Cresswell and Quinn 2011 and reference therein) . Successful predator-specific escape tactics may then mean a prey species does not need to avoid a predator species (Wirsing et al. 2010) . Redshanks, for example, escape peregrines most successfully by crouching (Cresswell 1993) , which requires little energy or lost foraging time to implement, whereas they fly on attack by sparrowhawks, probably further promoting choice of areas farther from the shoreline. But increasing the number of predator species may mean that there is also no clear optimum for escape responses: response to one predator may facilitate capture by another, even potentially leading to predator mutualism (Matsuda et al. 1993) . Whether these alternative antipredation effects can compensate for loss of avoidance as a tactic, or whether nonlethal effects become relatively weak compared with the direct lethal effects of predation (Abrams 2010 ), remains to be tested.
A key aspect to systems where prey has to respond differently and possibly oppositely, dependent on the predator concerned, is the response of the predators. Predators are not static unresponsive agents (Lima 2002) , and behavioral interactions between predator and prey form a dynamic "game" (e.g., Laundre 2010). We know much from our study system of how sparrowhawks change their attack behavior dependent on what the redshanks do. Sparrowhawks, for example, attack redshanks when they are much more likely to have a successful attack, such as when redshanks utilize higher profitability foraging areas close to the shoreline in cold weather when energy budgets increase Cresswell and Whitfield 2008; . Sparrowhawks are also more likely to attack when the redshanks are in small, well-spaced groups Quinn and Cresswell 2006) , or when sparrowhawks do not have other prey available (Cresswell 1995) . We know less about how peregrines change their behavior dependent on the redshank's behavior, but peregrines attack often from an open nonsurprise position because they catch redshanks when they are flying and this is the redshank's default escape response to disturbance (Cresswell 1994b) or sparrowhawk attack (Cresswell 1993) . Consequently, we would predict that both raptors should exploit the antipredation behavior of redshank that they create for each other, utilizing surprise, or attacking together to promote a response suited to the other raptor species. Surprise is the main strategy for sparrowhawks and peregrines when hunting redshanks (Cresswell 1996) . However, we have never seen any evidence for anything other than intense competition, aggression, and even attempted intraguild predation between sparrowhawks and peregrines during our long-term study (Cresswell 2004) .
Predator responses will affect the optimal position of redshanks with respect to the shoreline in a number of ways. As redshanks feed closer to the shoreline in colder weather, attack rate will increase from the sparrowhawks , and this may well be a consequence of a numerical response as well as a functional response (sparrowhawks avoid each other but do not defend territories on our study site; personal observations). Some redshanks then respond to increased attack rate by moving away from the shoreline area, reducing group size and the dilution effect, and so increasing vulnerability for those that remain close to the shoreline (Quinn and Cresswell 2012) . Beyond ~100 m from the shoreline, redshanks have relatively little risk of death from sparrowhawks (Cresswell 1994a) , and their risk of attack is vastly diluted by the thousands of potential prey available (Cresswell and Whitfield 1994 ) that peregrines can hunt (Ratcliffe 1993) . Therefore, sparrowhawks are likely to be the key agent of selection with respect to redshanks favoring increasing distance to the shoreline in our system. However, we would expect redshanks to favor feeding close to the shoreline to avoid peregrine attacks in any situations where only peregrines occur, or peregrines attack redshanks more often than sparrowhawks. This probably suggests generally that specific nonlethal effects caused by multiple mobile, generalist predators will be very site specific because predator community, relative density of the species in the community, and their different specializations are likely to vary greatly on a small temporal and spatial scale. This, in turn, suggests that selection for prey to learn about the local risk gradients is important as is adoption of other general behavioral solutions that will always promote survival regardless of predator variation, such as increasing group size and use of refuges (see Caro 2005 for example; Lima and Dill 1990) .
The effects of predators on the distribution and abundance of prey have traditionally been modelled assuming that all predators have the same selective effects (Lima 2002) . It is now realized that interspecific variation in predator behavior and so variation in the behavioral responses they elicit can potentially have large effects on ecosystem functions and community structure (Bernot and Turner 2001; Schmitz and Suttle 2001; Schmitz et al. 2004; Schmitz 2008) . Having identified the importance of considering predator identity (Chalcraft and Resetarits 2003; Henry et al. 2010) , the major challenge is to determine functional similarity and so to measure how both the diversity (e.g., O'Connor et al. 2008 ) and hunting modes of predators (e.g., Woodcock and Heard 2011) lead to a general community impact through trait-mediated indirect effects (Preisser et al. 2007 ). This is particularly important when managing predator invasions, extinctions, and reintroductions.
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